Heme protein-mediated renal injury: a protective role for 21-aminosteroids in vitro and in vivo.
21-aminosteroids ("lazaroids") have recently excited much interest by virtue of their ability to inhibit lipid peroxidation in vitro and to protect against neural injury in vivo. We tested the effect of these compounds in models of heme protein-mediated renal injury in vitro and in vivo. We devised an in vitro model of heme protein-induced toxicity in which renal epithelial cells were exposed to heme proteins for one hour, after which they were subjected to glutathione depletion by 1-chloro-2,4-dinitrobenzene (CDNB). This model was associated with more than a threefold increase in lipid peroxidation (as measured by thiobarbituric acid reactive substances, TBARS) and a marked reduction in cellular glutathione content. In this model, 21-aminosteroids virtually prevented cytotoxicity as measured by the 51-chromium release assay, and significantly reduced TBARS in a dose-dependent manner. Catalase was partially protective in this model, thereby indicating hydrogen peroxide-dependent toxicity. While pursuing mechanisms accounting for enhanced cellular generation of hydrogen peroxide, we uncovered the first direct evidence that the heme prosthetic group per se directly stimulates cellular generation of hydrogen peroxide; complementing these findings is the remarkable efficacy of 21-aminosteroids in protecting against cytotoxicity induced by hydrogen peroxide. We also tested the capacity of 21-aminosteroids to protect against heme protein-mediated renal injury in vivo. Prior administration of 21-aminosteroids attenuated reductions in GFR and renal blood flow rates following the systemic infusion of methemoglobin in normal rats. 21-aminosteroids also attenuated renal injury observed over three successive days in the glycerol model of heme protein-mediated injury when this model was induced at a higher dose of glycerol (8 ml/kg body wt) but not at a lower dose (5 ml/kg body wt). We conclude that 21-aminosteroids protect against heme protein-mediated renal injury in vitro and in vivo. We suggest that these compounds are potentially useful in such clinical conditions as rhabdomyolysis, intravascular hemolysis and renal injury associated with hemoglobin-based red blood cell substitutes.